Quantitative enzyme activity determination with zeptomole sensitivity by microfluidic gradient-gel zymography.
We describe a sensitive zymography technique that utilizes an automated microfluidic platform to report enzyme molecular weight, amount, and activity (including k(cat) and K(m)) from dilute protein mixtures. Calf intestinal alkaline phosphatase (CIP) is examined in detail as a model enzyme system, and the method is also demonstrated for horseradish peroxidase (HRP). The 40 min assay has a detection limit of 5 zmol ( approximately 3 000 molecules) of CIP. Two-step pore-limit electrophoresis with enzyme assay (PLENZ) is conducted in a single, straight microchannel housing a polyacrylamide (PA) pore-size gradient gel. In the first step, pore limit electrophoresis (PLE) sizes and pseudoimmobilizes resolved proteins. In the second step, electrophoresis transports both charged and neutral substrates into the PLE channel to the entrapped proteins. Arrival of substrate at the resolved enzyme band generates fluorescent product that reveals enzyme molecular weight against a fluorescent protein ladder. Additionally, the PLENZ zymography assay reports the kinetic properties of CIP in a fully quantitative manner. In contrast to covalent enzyme immobilization, physical pseudoimmobilization of CIP in the PA gel does not significantly reduce its maximum substrate turnover rate. However, an 11-fold increase in the Michaelis constant (over the free solution value) is observed, consistent with diffusional limitations on substrate access to the enzyme active site. PLENZ offers a robust platform for rapid and multiplexed functional analysis of heterogeneous protein samples in drug discovery, clinical diagnostics, and biocatalyst engineering.